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PROCESS FOR THE GASIFICATION OF COAL

This 1s a continuation of application Ser. No. 395,087,
filed Sept. 7, 1973 and now abandoned.

BACKGROUND OF THE INVENTION

Heretofore, coal has been gasified with stream to
make methane, or fuel for power plants, and, in general,
the uses of coal gas have paralleled those of natural gas.
However, all previous conventional methods have usu-
ally generated coal gas by contacting coal with steam or
hydrogen at high temperatures and pressures in accor-
dance with the following equations:

C(amorph.) + H,0(g) CO + H, + some CH,

Thereafter, CO is reacted with Hz as follows:

CO + 3H, CH,

H,0

It has not been possible heretofore to achieve satisfac-
tory rates of reaction when reacting coal with steam at
relatively low temperatures, such that coal gasification
would be practical at such low temperatures. A signifi-
cant advantage, however, afforded by the present in-
vention resides in its ability to carry out this reaction at
much lower temperatures than had been previously
thought possible. Thus, in accordance with the present
invention, sulfur dioxide, which is normally considered
a pollutant, can be used to promote reaction of steam
and coal at significantly lower temperatures.

In the past, gasification of coal has been carried out
by the reaction of steam on incandescent coke or coal at
temperatures around 1000° C. and higher where the
reaction rate and equilibrium have been favorable. By
using a higher molar volume ratio of steam relative to
coal of 2:1, it has been possible to conduct this reaction
at temperatures several hundred degrees lower.

Since the reaction of coal with steam is an endother-
mic one, which tends to cool off the coal or coke fed
into the gasifier, it has been known to use calcium car-
bonate as a source of CO, in the gasification process
since such use accomplishes the following results: (1) it
restores heat to the gasifier in view of the fact that the
reaction of coal with CO, is exothermic; and (2) it gen-
erates CO, which is able to react with the coal to pro-
vide carbon monoxide, itself an intermediate in the
preparation of methane.

However, it has not been previously possible, under
conditions that would justify commercial operation, to
conduct coal gasification at temperatures as low as
those just upwards of 1200° F., preferably temperatures
approximating 1400° F., at atmospheric pressure. By
means of the present invention, however, low tempera-
ture gasification of coal with steam is now made possi-

ble.

SUMMARY OF THE INVENTION

In accordance with illustrative embodiments demon-
strating features and advantages of the present inven-

tion, there is provided a process for the gasification of &g

coal which comprises contacting a particulate form of
coal with steam in the presence of sulfur dioxide. In this
manner, reaction of the coal and steam can be effected
at much lower temperatures than heretofore had been
thought possible, temperatures just upwards of 1200°
F., between 1300° F. and 1450° F., and preferably a
temperature of about 1400° F. The present invention
thereby enables the conversion of coal to a combustible
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gas, preferably with high B.T.U. content, which can be
used as a fuel for power plants, pipeline gas, etc. This
process also provides the operator with the option of
either conducting the gasification of coal at low temper-

~atures, or of increasing its output capacity or down-

grading the size and capacity of his equipment at the
same throughput levels.

BRIEF DESCRIPTION OF THE DRAWINGS

The above brief description, as well as further ob-
jects, features, and advantages of the present invention
will be more fully appreciated by reference to the fol-
lowing detailed description of presently preferred but
nonetheless illustrative embodiments in accordance
with the present invention, when taken in connection
with the accompanying drawing wherein a schematic
representation of the present process is given in the
form of a block diagram.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now specifically to the drawing, there is
schematically shown a process for the gasification of
coal. The coal is introduced into a coal gasifier and the
source of coal is a conventional one and can include any
of the usual types of carbonaceous materials subjected
to gasification such as lignite, sub-bituminous coal, bitu-
minous coal, super-bituminous coal or coke.

Preferably, the coal is in particulate form in a pulver-
1zed or crushed state. However, it should be noted that
particles that are too fine are not preferred since expen-
sive grinding or milling equipment is required to pro-
duce them, and simple crushed bituminous coal is pref-
erable. The particulate or granular coal feed which is
used, is introduced continuously into the gasifier, and a
suitable source of superheated steam, such as that gener-
ated from a boiler or reboiler, is fed therein.

Preferably prior to introduction of the steam into the
coal gasifier, an effective amount of sulfur dioxide, is
added to the steam, preferably between 0.1 and 20%
vol/vol [SO,/H,O(g)], and the steam-sulfur dioxide
admixture is fed into the gasifier.

The reaction is effected at temperatures upwards of
1200° F. such as between 1300° F. and 1450° F., prefera-
bly at a temperature approximating 1400° F. Tempera-
tures of upwards of 1200° F. are necessary in order to
enable the gasification process to proceed at a satisfac-
tory rate. In general, while theoretically there is no
upper limit as to the temperature for gasification, short-
of pyrolysis, the higher the temperature, the less eco-
nomical coal gasification processes become. Accord-
ingly, it has been found suitable to operate at tempera-
tures between 1300° and 1450° F. for bituminous coal,
preferably at a temperature approximating 1400° F.
Suitable pressures approximate atmospheric pressure
and the process can also operate at higher pressures,
such as to 1000 psi. Suitable amounts of sulfur dioxide
include, as indicated, 0.1-20% vol/vol (SO,/steam),
preferably 8-10%.

The gas residence time approximates 6 seconds for
the following conditions: 1200° F, atmospheric pres-
sure, and 8% SO,. However, at a temperature of 1400°
F., 1 atm., and 8% SO,, the gas residence time is 5
seconds. |

The SO, necessary for gasification process is pro-
duced in the regeneration portion of the H,S removal
system.
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Upon completion of the gasification, the solid resi-
dues, i.e., coal ash and non-volatile materials such as tar
are removed from the coal gasifier and the effluent
gases comprising carbon dioxide, hydrogen, water va-
por, carbon dioxide, methane, and hydrogen sulfide are 5
subjected to conventional means for removal of hydro-
gen sulfide, such as wet or dry scrubbing.

The process stream recycled from the hydrogen sul-
fide removal step contains sulfur. This sulfur containing

effluent, in accordance with the present invention, is 10
converted to sulfur dioxide. Thus, the effluent of the

hydrogen sulfide removal step is passed into a sulfur
dioxide generator and the sulfur in such effluent is
thereby converted to sulfur dioxide. All the other mate-
rials that were present in the effluent gases except for 15
hydrogen sulfide are taken off in a product stream,
which can be used as fuel for power plants or processed
into pipeline gases. In accordance with the foregoing, a
quantity of sulfur dioxide, equivalent to the sulfur con-
tent of the coal initially fed into the coal gasifier, is 20
removed from the system and the remaining SO, in the
generator is then recycled back into the coal gasifier via
introduction into the steam input line thereto.

A latitude of modification, change and substitution is
intended in the foregoing disclosure, and in some in- 25
stances, some features of the invention will be employed
without corresponding use of other features. Accord-
ingly, it 1s appropriate that the appended claims be con-
strued broadly and in a manner consistent with the spirit
and scope of the invention herein. 30

What 1s claimed is:

1. In a process for the gasification of coal comprising
introducing particulate coal and steam into a reaction
zone wherein the steam and coal react to form an ash
product and a gaseous product the improvement com- 35
prising introducing sulfur dioxide into the reaction zone
in an amount of from 0.1 to 20% of the volume of said
steam, maintaining the reaction zone at a temperature of
from 1200° F to 1450° F, removing hydrogen sulfide
from said gaseous product, converting the hydrogen 40
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sulfide to sulfur dioxide, and recycling at least a portion
of said sulfur dioxide to said reaction zone, the amount
of sulfur dioxide being sufficient to promote the reac-
tion between the coal and steam, and the temperature
being less than that required for the gasification of the
coal in the absence of sulfur dioxide.

‘2. In the process of claim 1 the further improvement
comprising maintaining said reaction zone at a tempera-
ture from 1300° F to 1450° F.

3. A continuous process for the gasification of coal,
comprising:

(a) passing steam and a volume of sulfur dioxide rang-
ing from between 0.1 and 20% of the volume of
satd steam into a gasifier vessel, said volume of
sulfur dioxide being sufficient to promote the reac-
tion between the coal to be gasified and the steam;

(b) continuously supplying particulate coal to said
gasifier vessel maintained at a temperature of from
1200°-1450° F whereby the steam reacts with coal
to form an ash product and a gaseous product con-
taining hydrogen sulfide, said temperature being
less than that required for the gasification of the
coal in the absence of sulfur dioxide;

(c) continuously removing the ash product from the
gasifier vessel;

(d) withdrawing the gaseous product from the reac-
tion zone and at least substantially removing said
hydrogen sulfide; and |

(e) converting said removed hydrogen sulfide to sul-
fur dioxide and removing a sulfur dioxide portion
equivalent to the sulfur content of the coal from
said sulfur dioxide and passing the remaining sulfur
dioxide to the gasifier vessel.

4. A continuous process for the gasification of coal
according to claim 3, wherein said coal is reacted with
said steam at a temperature between 1300° F. and 1450°
F. and said sulfur dioxide is injected into the steam

before said steam is passed into the gasifier vessel.
¥ %X ¥ % %
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